Abstract: 4-(Dimethylamino)benzaldehyde is alkylated at the N atom by dialkyl sulfates, MeI, or Me 3 O BF 4 . In contrast, ethylation by Et 3 O BF 4 occurs selectively at the O atom yielding a quinoid iminium ion. 4-(Diethylamino)benzaldehyde is alkylated only at O by either Et or Me oxonium reagent. The iminium salts are prone to hydrolysis giving the corresponding hydrotetrafluoroborates. Five crystal structures were determined.
Introduction
During unrelated work, the need arose for low-melting quaternary ammonium salts ("ionic liquids") bearing an aldehyde functional group. Our obvious choice was 4-(dimethylamino)benzaldehyde (Ehrlich's aldehyde) as inexpensive starting material which was to be N-alkylated. Common alkylating reagents such as dialkyl sulfates or methyl iodide readily gave the desired products [1, 2] . However, a surprising selectivity was observed when trialkyloxonium tetrafluoroborates (Meerwein reagents) were employed. Thus, methylation occurred at the N atom as expected, whereas ethylation took place at the OPEN ACCESS O atom. The crystal structures of the new compounds and byproducts were determined by single crystal X-ray diffraction (Table 1) .
Results and Discussion
As noted above, for most of the different methods of alkylating 4-(dialkylamino)benzaldehydes (Figure 1a) , including the use of trimethyloxonium tetrafluoroborate, the electrophilic attack occurs at the aniline N atom as expected, whereas Meerwein ethylation takes place at the carbonyl O atom, creating the quinoid iminium ion 1 in high yield and purity. Only traces of N-alkyl derivative of 4-(diethylamino)benzaldehyde were observed with either Et or Me oxonium reagent. Iminium ions are very reactive electrophilic intermediates, allowing a large range of nucleophiles to be trapped. For example, cyclizations involving iminium ions belong to the most powerful methods of forming nitrogen-containing heterocycles [3] . They are easily available by various well-established methods, but unprecedented pathways towards new iminium vehicles are emerging by serendipity, thus inviting multifaceted follow-up chemistry [4] . Iminium species are sensitive compounds and are typically prepared immediately prior to use. In the present case, the new iminium salts can be stored under an inert atmosphere for prolonged periods at room temperature. They are however prone to hydrolysis in solution, yielding the corresponding protic salts 2 and 5, which gave suitable single crystals. Exhibiting the interesting motif of a quinoid spacer between an imine moiety and an enol ether, the new bright green iminium salts 1 and 4 ( Figure 1b ) belong to the subfamily of quinone imine dyes, featuring specific reactivity patterns on their own [5] . Analogous products of O-alkylation and silylation were obtained from the related 4,4'-bis(dimethylamino)benzophenone [6, 7] . Another example was found in 3,6-bis(dimethylamino)-9-ethoxyacridine [8] . The N-alkylated product, 4-(trimethylammonio)-benzaldehyde, is known as a useful precursor for 4-fluorobenzaldehyde [9, 10] . The product of N-alkylation was converted to the low-melting triflimide 3 by ion metathesis, thus achieving the goal of the initial unrelated project. Protonation of Ehrlich's aldehyde has also been reported to result in low-melting salts [11] , and two crystal structures of such salts are known [12, 13] . 
N-(4-(Ethoxymethylene)cyclohexa-2,5-dienylidene)-N,N-dimethylammonium Tetrafluoroborate (1)
The quinoid nature of the ring can be readily recognized by the presence of two short double bonds, 1.343 (4) 
4-(Dimethylamino)benzaldehyde hydrotetrafluoroborate (2)
This protic salt was obtained by hydrolysis of the quinone 1. An interionic hydrogen bond is observed between N1-H and F1. The H ... 
4-(Trimethylammonio)benzaldehyde bis(trifluoromethylsulfonyl)imide (3)
The 4-(trimethylammonio)benzaldehyde cation obtained by methylation of Ehrlich's aldehyde using Me 3 O BF 4 was converted by ion metathesis and isolated as triflimide, a low-melting salt. Again, the bond lengths in the ring, ranging from 1.379(3) Å to 1.386(2) Å, indicate an aromatic system. The exocyclic single bonds, C-N with 1.500(2) Å and C-C with 1.482(3) Å, are longer than in the protic salt 2. The triflimide anion adopts a typical anti conformation [14] with a C-S1 ... S2-C torsion angle of 167.1(1)° and exhibits only weak C-H ... O interactions with the cation. The molecular structure of the ion pair and the packing in the unit cell (Z = 2) are shown in Figure 4 . 
N-(4-(Ethoxymethylene)cyclohexa-2,5-dienylidene)-N,N-diethylammonium Tetrafluoroborate (4)
Again, the quinoid character of the ring can be seen by the presence of two short double bonds, 1.356(2) Å and 1.359(2) Å, and four long single bonds, from 1.420(3) Å to 1.439(2) Å. The two exocyclic bonds, C=N with 1.336(2) Å and C=C with 1.379(2) Å, are clearly double bonds. The molecular structure of the ion pair and the packing in the unit cell (Z = 2) are shown in Figure 5 . 
4-(Diethylamino)benzaldehyde Hydrotetrafluoroborate (5)
The hydrolysis of quinone 4 gave this protic salt, in analogy to the conversion of 1 to 2. The anion exhibits positional disorder (ratio of components 0.33:0.26:0.41). A short hydrogen bond, as in compound 2, is observed between N1-H and F3. The bond lengths in the ring, from 1.376(2) Å to 1.388(2) Å, indicate aromatic character. The two exocyclic bonds, C-N with 1.476(2) Å and C-C with 1.474(2) Å, are of almost equal length as in salt 2. The molecular structure of the ion pair and the packing in the unit cell (Z = 2) are shown in Figure 6 . 
Experimental Section
Intensity data were collected on an Oxford Diffraction Gemini-R Ultra diffractometer with graphite-monochromatized Cu Kα (1 and 4) or Mo Kα (2, 3, and 5) radiation. Data were measured via ω scans, and an empirical absorption correction (multi-scan) was applied. CCDC reference numbers: 921104-921108. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre.
N-(4-(Ethoxymethylene)cyclohexa-2,5-dienylidene)-N,N-dimethylammonium Tetrafluoroborate (1) and 4-(Dimethylamino)benzaldehyde Hydrotetrafluoroborate (2)
4-(Dimethylamino)benzaldehyde (5.94 g, 39.8 mmol) was added to a solution of Et 3 O BF 4 (7.57 g, 39.8 mmol) in anhydrous CH 2 Cl 2 (10 mL) in an argon atmosphere. The colour of the solution changed from yellow to red to brown and finally to green after 3 hours of stirring at room temperature. After 3.5 h anhydrous Et 2 O (50 mL) was added, and a green solid precipitated. The solid was washed with anhydrous Et 2 O and dried. Single crystals of 1 and 2 were grown concomitantly by diffusion of hexane into a CH 2 Cl 2 solution under inert gas. 
4-(Trimethylammonio)benzaldehyde Bis(trifluoromethylsulfonyl)imide (3)
4-(Dimethylamino)benzaldehyde (1.53 g, 10.3 mmol) was added to a solution of Me 3 O BF 4 (1.52 g, 10.3 mmol) in anhydrous CH 2 Cl 2 (50 mL) under inert gas. The colour of the solution changed from yellow to orange to yellow-light green. After stirring at room temperature for 20 h anhydrous Et 2 O (50 mL) was added, and a light orange solid formed, which was vacuum-dried. Then K 2 CO 3 (1.42 g, 10.3 mmol), lithium bis(trifluoromethylsulfonyl)imide (1.71 g, 5.96 mmol), and H 2 O (50 mL) were added and stirred at room temperature for 1 h. The formation of a heavy organic phase was observed. The aqueous phase was discarded, and the lower phase was washed twice with Et 2 O. After addition of CH 2 Cl 2 (50 mL) the organic phase was washed twice with water. The solvent was removed, and the resulting light-green product was vacuum-dried. Single crystals were obtained by diffusion of hexane into a solution in anhydrous CH 2 Cl 2 . m.p. 67-69 °C. 
N-(4-(Ethoxymethylene)cyclohexa-2,5-dienylidene)-N,N-diethylammonium Tetrafluoroborate (4)
4-(Diethylamino)benzaldehyde (5.25 g, 29.6 mmol) was added to a solution of Et 3 O BF 4 (5.62 g, 29.6 mmol) in anhydrous CH 2 Cl 2 (15 mL) under argon. The color of the solution changed from yellow to orange to yellow-green after 24 h of stirring at room temperature. Anhydrous Et 2 O (10 mL) was added to precipitate a light green solid, which was filtered and dried. Single crystals were grown by diffusion of hexane into a solution in anhydrous CH 2 Cl 2 . 
Conclusions
Of course, it would be far beyond the scope of this study, and even a chemist's lifespan could be consumed, to supplement this preliminary report by a representative selection of subsequent conversions. Consequently, this communication is focused mainly on crystallography. However, due to the affordability and ease with which these carbon-substituted representatives are accessible, it is also intended to stimulate further exploration of such iminium derivatives.
